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Amino acids are the monomers that constitute proteins and are 
considered to be model compounds for proteins. Amino acids exist in 
solution primarily as zwitterions. As such, their properties are 
intermediate between ions, which carry an overall non zero charge, and 
neutral organic species, which have little or no localization of charge. 
The original versions of the Helgeson Kirkham Flowers (HKF) 
model [1-4] for the standard partial molar properties of aqueous ionic 
species have been widely used to predict the thermodynamic properties 
of elcclrolytcs at elevated temperatures and pressures. The IIKF model 
was extended by Shock, Helgeson and their coworkers |5-9|, in a 
purely empirical fashion, to predict the thermodynamic properties of 
aqueous organic species. Although this extended model includes 
predictions for amino acids, the predictive correlations arc based on the 
very limited high temperature data available in 1988. Moreover, the 
failure of these authors to consider the zwitterionic nature of the 
aqueous amino acids suggests that the extrapolated results are very 
uncertain at high temperatures. 
There are extensive volumetric property studies of aqueous 
amino systems, but few of amino acids in mixed aqueous solvents [10-
13]. A small change in water structure can greately inhibit the 
physiological reactions in tissues or cells, which arc made up of 
biological macromolecules. The change in water structure can be 
brought about by the presence of electrolytes. Sometimes these 
changes are helpful in controlling undesired physiological reactions 
[14-19] occurring in living organisms. 
Salt solutions have large effects on the structure and the 
properties of proteins including their solubilization, denaturation, 
dissociation into subunits, and the activity of enzymes [20-23]. The 
complex conformational and configurational factors affecting the 
structures of proteins in various solvents, make the direct interpretation 
from studies on proteins very difficult. Therefore, investigations of the 
behaviour of model compounds of proteins like amino acids and 
peptides are of importance. 
There have been many studies on the amino acid- water-salt 
systems. As far as the volumetric properties are concerned, the infinite 
dilution apparent molar volumes for some amino acids have been 
determined in aqueous calcium chloride [24], alkali metal halide (LiCl, 
NaCl, KCl, CsCl, KBr, KI) [25-28], potassium thiocyanate [29,12], 
ammonium chloride [30] and guanidine hydrochloride [11,31] 
solutions. Sodium acetate (Na^, CHBCOO") is known to inlluence the 
dissociation of proteins in solution [32] and cause a salting-out of polar 
non-electrolytes [33]. Acetate ion has a hydrophobic methyl group and 
a carboxylate ion residue, its effect on amino acids should be different 
from the simple anions. Therefore it is interesting to investigate the 
behaviour of model compounds of proteins in aqueous sodium acetate 
solutions. 
As a part of the continuing studies on the thermodynamic and 
transport properties of amino acids in aqueous solution of denaturing 
agents [31,34,35], reported here is the apparent molal volumes and 
infinite dilution apparent molal volumes for L-Alaninc in aqueous 
sodium acetate solutions at 308K, 313K, 318K, 323K, 328K, 333K. 
Viscosities, free energy of activation, entropy and enthalpy are 
calculated from the measured value of density and time of fall for L-
Alaninc-water-CH3C00Na system. 
•fhc structure of a protein is mostly stabilized by hydrogen 
bonding. Denaturation is a reversible process for many proteins. In 
many denaturation processes, hydrogen bonded structures arc disrupted 
with in the interior of an ordered portion of the native structure. By 
denaturation, one means that class of reactions which lead to changes 
in the structure of the macromolecule with no change in molecular 
weight 136]. 
•fhe actual extent of unfolding depends on temperature, pH and 
ionic strength. It is reported that pH changes bring about a lot of 
variations in the thermodynamic and transport properties of proteins as 
well as amino acids [37]. The pH determines many important features 
of the structure and activity of biological macromolecules, such as the 
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catalytic, activity of enzymes. Moreover, measurements of the pH of 
the blood and urine are commonly used in the diagnosis of disease. For 
example, the pH of the blood plasma of severely diabetic persons is 
often lower than the normal value of 7.4, this condition is called 
acidosis. In contrast, in certain other disease states the pH of the blood 
is higher than normal, the condition of alkalosis. 
The transport properties in solution are studied by measuring the 
viscosity of the solutions. The viscosity measurement of 
macromolecules provides information regarding the shape and size of 
these molecules [38]. The viscosities of electrolyte solution was 
considered by Falkenhagen and Dole [38] in terms of the interionic 
interactions in the adjacent layers of an electrolyte solution. They 
proposed that the electrical forces between the ions in a solution tend 
to establish and maintain a preferred rearrangement and thus to stiffen 
the solution i.e. to increase its viscosity. 
fhe viscosity data have also been interpreted by several workers 
in terms of Jones-Dole equation (39-45). They have introduced the 
viscosity coefficient B for the dipolar ions, particularly amino acids. It 
is argued that the sign of the temperature dependence of the B-
coefficient provides a more satisfactory information about the structure 
making or structure breaking ability of the solutes on the solvent than 
the sign of the B-coefficient. 
The intrinsic viscosity is sensitive to changes in macromolecular 
structure. Therefore, viscosity measurements on proteins arc useful in 
indicating the changes in the molecular configuration due to 
denaluration. When a rigid molecule of low axial ratio is unfolded into 
flexible chains, there is an observed increase in viscosity. Viscosity 
measurements of solutions that convert compact proteins to the random 
coil configuration can be related to the size of the polypeptide chain. 
This can also tell us whether different denaturants acting on a protein 
produce molecules differing in shape or properties. As the proteins are 
large complex molecules, direct study of them is a difficult task. So we 
study the effect of phosphate buffer of different pi I (6.7,8) on 
L-Alaninc. 
At a pH of 6.0, Alanine has an equal amount of positive and 
negative charge. This value is referred to as the isoelectric point (pi) or 
the isoelectric pH. 
wcche'iH/inentcU 
Materials and Sample Preparation: 
L-Alanine of highest purity was obtained from Sisco Research 
Laboratories PVT LTD Mumbai, India and was used without further 
purification. However, before use it was dried over P2O5 in a vacuum 
desiccator. Analytical reagent grade anhydrous sodium acetate was 
obtained from Merck Limited Worli, Mumbai. This was further 
purified by recrystallising from double distilled water. After 
recrystallisation sodium acetate was dried under vacuum at room 
temperature. 
For phosphate buffer, 0.1 molar aqueous solution of mono basic 
sodium phosphate and di-basic sodium phosphate (purchased from 
Qualingens India Ltd) were mixed in different proportions to prepare 
buffer of pH 6,7 and 8. pH measurements of solutions were made on 
digital pH meter [Elico Pvt. Ltd. Hyderabad model T-10]. 
The densities and viscosities were determined for following 
solutions: 
(i) L-Alanine in CHsCOONa solutions of different 
concentrations (O.IM, 0.2M, 0.3M) 
(ii) L-Alanine in phosphate buffer solutions of different 
pH (6,7 and 8) 
Temperature Control: 
For the measurements of density and viscosity, a thermostated 
paraffin bath was used to maintain a uniform temperature. The paraffin 
bath was of about 5 litre capacity in which an immersion heater 
(1.0 KW), an electric stirrer (Remi made), a check thermometer, a 
contact thermometer were immersed. A relay [Jumo type NT 15.00, 
220V ~ 6A (GDR)] was used to control the variation in temperature. 
The thermal stability was found to be within + O.TC . 
Calibration of pyknometer: 
Pyknometer is an aoparatus for measuring the density of a 
liquid. It consists of a small bulb with a fiat bottom (of about 9 ml 
capacity) and a graduated stem for measuring the density of the 
experimental liquid. It is etched with very fine marks. Each mark on 
the stem of the pyknometer was calibrated using double distilled water. 
The clean and dried pyknometer was weighed and filled with double 
distilled water. Filled pyknometer was weighed again. The mass of the 
distilled water was determined by the difference in these two masses. 
Then the pyknometer was immersed in the paraffin bath maintained at 
the required temperature, and volume changes were recorded as a 
function of temperature, and thus each mark of the stem was calibrated. 
The density of distilled water at different temperatures required for 
calibration was given by the standard equation: 
A-Bt-Ct^ 
Where A, B and C are constants and the values of A,B & C are 
1.000525, -2x10"^ and -4.72 x 10"^  respectively, t is the temperature in 
°C. From the known values of mass and density of water, the volume 
corresponding to each mark of the pyknometer was determined. 
Reproducibility of calibration was checked by repeating the above 
procedure with different weights of distilled water. Using the known 
values of mass and volume, the densities at the required temperature 
were determined. The values of the observed densities were compared 
with those of the reported one. It was found that the accuracy of the 
measurement was with in ± 0.1% accuracy. 
Calibration of Viscometer: 
Cannon-Ubbelohde Viscometer [46] was used for the 
determination of viscosities of solutions. 
The viscometer consists of three parallel arms viz., receiving, 
measuring and auxiliary, for forming the suspended level arrangement 
in a triangular fashion. The measuring arm has a fine capillary tube 
with two bulbs A and B. It forms a 'U' with the receiving arm. The 
measuring arm is etched with two marks (a & b), one above the bulb B 
and the other below the bulb B. The two fudicial marks 'a' and 'b' 
were used for recording the time of fall of the test solution. The 
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viscometer was designed in a manner so that (1) the center of gravity 
of the three bulbs was aligned vertically to reduce the effect of 
acceleration due to gravity and (2) the resulting efflux time for water 
was set close to 80 seconds at room temperature (depending upon the 
dimensions of viscometer). In order to minimize the experimental 
errors, capillary effects of the two liquid surfaces were neutralized by 
each other , so that the surface tension correction for the apparatus was 
negligible and the transport of momentum was carried out freely under 
the weight of the total volume of the test liquid. 
The calibration of viscometer was done by using the distilled 
water. A sufficient amount of distilled water was filled into the bulb A 
to avoid any air bubble being introduced into the capillary arm while 
fudicial bulb was filled. Now the viscometer was clamped in a 
thermostat keeping the measuring arm perfectly vertical. The 
viscometer was allowed to stand in the thermostat for half an hour to 
minimize thermal fluctuation. 
Then the distilled water was sucked into the measuring bulb with 
the help of vacuum pump. The time of fall of the distilled water from 
the upper mark 'a' to lower mark 'b' was recorded several times and 
the mean of very close readings was determined at each required 
temperature. A stop watch (accuracy: 0.1 second) was used for 
measuring time. 
Viscosities (r\) were calculated using Poiseuille's equation: 
Tihpgr'^ t 
y 8LV 
where h = height of the liquid column in the 
viscometer 
p = density of the liquid 
g = acceleration due to gravity 
r = radius of the capillary of the viscometer 
L = length of the capillaries 
t = time of fall of the test liquid of volume 
V to fall through capillary. 
The expression can be written in this way also 
Y = pPt 
Where P = ^ -
SLV 
P is a constant quantity and it is the characteristic of the 
viscometer. Its value has been calculated by making use of the reported 
values of viscosities of distilled water at several temperatures. 
The accuracy of the calibrated viscometer was checked by 
measuring the viscosities of distilled water at test temperatures and 
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then comparing the experimental value with the reported ones. 
Reproducibility was found to be with in + 0.2%. 
MEASUREMENTS 
1. Density: A known amount of test sample was transferred to 
the calibrated pyknomter. The pyknometer was then immersed in the 
thermostated bath. The volume corresponding to each of the marks was 
recorded as a function of temperature. 
2. Viscosity: The test solution was transferred to the viscometer. 
The viscometer was then placed in the thermostat and time of fall of 
the test solution was recorded. 
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Introduction: 
Volumetric behaviour of amino acids in solution reflects the 
effect of solute-solvent and solute-solute interactions which in turn 
helps to understand several biochemical process such as protein 
hydration, denaturation, aggregation, etc. 
Partial molal volume ((t)v°) is a useful property which provides 
information on solute-solvent interactions, however, its temperature 
dependence may still be more useful in characterizing the structural 
hydration effect as the intrinsic volume of the solute is almost 
independent of temperature (47, 48). 
Theory: 
The apparent molal volume (^y) of the L-Alanine solutions were 
calculated from the solution densities by the equation: 
. M lOOO(p-Po) ,., 
(})v = ( 1 ) 
P maPPo 
where M and m^ are respectively, the molar mass and molality of 
L-Alanine and p and po are the densities of L-Alanine solutions and 
solvents respectively. 
For each solute, the apparent molal volume ^^ was found to be a linear 
function of molality over the range studied, it could be least square 
fitted to equation (3): 
12 
<}>v=<l>v°+Svma 
where ^^ is the infinite dilution apparent molal volume that equals to 
the standard partial molal volume and Sy is the corresponding 
experimental slopes of the (j)v vs mg plots. 
Result And Discussion: 
The densities of the prepared solution were measured relative to 
the solvents (distilled water, the relevant aqueous sodium acetate 
solutions or phosphate buffer solutions). The density values of the 
solutions are summarized in the tables (1.1). 
Apparent molal volume is calculated using the equation (1) and 
its values are shown in tables (1.2). The value of (j)v increases with the 
increase of temperature. Graphs of apparent molal volume vs 
temperature are plotted and are shown in figures [1.1]. The partial 
molal volume (j)v is obtained by least square fitting in equation (2). The 
partial molal volume ^^ values are recorded in tables (1.3). Partial 
molal volumes of a solute at infinite dilution reflect the effect of 
solute-solvent interactions while the magnitude of the slope is related 
to the solute-solute interactions. Tables (1.3) show that the partial 
molal volumec ^° values increase with the increase of temperature. 
This suggests the strong solute-solvent interaction in-the mixture. 
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Table 1.1(a): Solution densities p(gm cm'^ ) for L-Alanine in O.IM 
CHsCOONa solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
molkg/^ 
^ ^ Tcmp(K) 
0.0000 
0.04995 
0.1002 
0.1509 
0.2020 
0.2536 
308 
0.9986 
1.0004 
1.0015 
1.0019 
1.0027 
1.0034 
313 
0.9962 
0.9978 
0.9990 
0.9995 
1.0003 
1.0008 
318 
0.9939 
0.9951 
0.9963 
0.9970 
0.9977 
0.9984 
323 
0.9915 
0.9926 
0.9937 
0.9944 
0.9953 
0.9959 
328 
0.9893 
0.9901 
0.9912 
0.9919 
0.9923 
0.9935 
333 
0.9870 
0.9877 
0.9886 
0.9894 
0.9902 
0.9911 
-3> Table 1.1(b): Solution densities p(gm cm" ) for L-Alanine in 0.2M 
CHsCOONa solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
^ , ^ Temp(K) 
0.0000 
0.0499 
0.1001 
0.1506 
0.2016 
0.2529 
308 
1.0001 
1.0014 
1.0027 
1.0039 
1.0050 
1.0062 
313 
0.9976 
0.9989 
1.0002 
1.0013 
1.0025 
1.0038 
318 
0.9952 
0.9963 
0.9977 
0.9987 
1.0000 
1.0013 
323 
0.9926 
0.9938 
0.9951 
0.9962 
0.9975 
0.9988 
328 
0.9902 
0.9912 
0.9927 
0.9937 
0.9950 
0.9965 
333 
0.9878 
0.9887 
0.9901 
0.9912 
0.9925 
0.9942 
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Table 1.1(c): Solution densities p(gm cm'^ ) for L-Alanine in 0.3M 
CHsCOONa solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
molkg/^ 
^y'^ Temp(K) 
0.0000 
0.0499 
0.0998 
0.1503 
0.2010 
0.2523 
308 
I.OOll 
1.0027 
1.0056 
1.0064 
1.0082 
1.0088 
313 
0.9991 
1.0005 
1.0030 
1.0039 
1.0057 
1.0065 
318 
0.9970 
0.9982 
1.0005 
1.0015 
1.0031 
1.0042 
323 
0.9950 
0.9960 
0.9979 
0.9991 
1.0006 
1.0018 
328 
0.9929 
0.9938 
0.9954 
0.9967 
0.9980 
0.9995 
333 
0.9909 
0.9916 
0.9929 
0.9944 
0.9956 
0.9974 
Table 1.1(d): Solution densities p(gm cm" ) for L-Alanine in 
phosphate buffer solution of pH-6 at different 
temperatures as a function of molality of L-Alanine. 
Molality ^ ^ 
molkg^i^^ 
^,y^ Temp(K) 
0.0000 
0.0497 
0.0997 
0.1499 
0.2004 
0.2522 
308 
1.0042 
1.0052 
1.0073 
1.0092 
1.0107 
1.0116 
313 
1.0017 
1.0030 
1.0048 
1.0065 
1.0081 
1.0091 
318 
0.9992 
1.0007 
1.0023 
1.0041 
1.0056 
1.0066 
323 
0.9968 
0.9985 
0.9998 
1.0015 
1.0030 
1.0041 
328 
0.9943 
0.9963 
0.9974 
0.9992 
1.0006 
1.0018 
333 
0.9919 
0.9942 
0.9949 
0.9967 
0.9979 
0.9994 
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Table 1.1(e): Solution densities p(gm cm"^ ) for L-Alanine in 
phosphate buffer solution of pH-7 as a function of 
molality of L-Alanine. 
Molality ^ x ^ 
molke;>^ 
^ ^ Tcmp(K) 
0.0000 
0.0495 
0.0994 
0.1495 
0.19996 
0.2511 
308 
1.0069 
1.0084 
1.0094 
1.0107 
1.0118 
1.0126 
313 
1.0044 
1.0057 
1.0069 
1.0080 
1.0092 
1.0100 
318 
1.0019 
1.0032 
1.0044 
1.0054 
1.0065 
1.0073 
323 
0.9995 
1.0005 
1.0019 
1.0030 
1.0039 
1.0048 
328 
0.9970 
0.9980 
0.9994 
1.0005 
1.0012 
1.0022 
333 
0,9946 
0.9954 
0.9970 
0.9981 
0.9985 
0.9996 
.-s-. Table 1.1(f): Solution densities p(gm cm" ) for L-Alanine in 
phosphate buffer solution of pH-8 as a function of 
molality of L-Alanine. 
Molality ^ ^ 
moIkj>^ 
^ / ^ Temp(K) 
0.0000 
0.0495 
0.0993 
0.1493 
0.1996 
0.2507 
308 
1.0085 
1.0091 
1.0105 
1.0118 
1.0133 
1.0140 
313 
1.0060 
1.0066 
1.0079 
1.0091 
1.0106 
1.0113 
318 
1.0034 
1.0041 
1.0053 
1.0065 
1.0079 
1.0087 
323 
1.0010 
1.0016 
1.0028 
1.0039 
1.0053 
1.0060 
328 
0.9985 
0.9991 
1.0002 
1.0013 
1.0026 
1.0033 
333 
0.9961 
0.9967 
0.9978 
0.9987 
1.0000 
1.0006 
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Table 1.2(a): Apparent molal volume (t)v(cm"^  mol'') for L-Atanine in 
O.IM CHsCOONa solution at different temperatures as 
a function of molality of L-Alanine. 
Molality ^^^ 
m o l k g / ^ 
^ y ^ Temp(K) 
0.04995 
0.1002 
0.1509 
0.2020 
0.2536 
308 
52.98 
60.02 
67.06 
68.58 
69.90 
313 
57.06 
61.10 
67.17 
68.69 
70.83 
318 
65.24 
65.23 
68.63 
70.32 
71.35 
323 
67.38 
67.37 
70.10 
70.45 
71.89 
328 
73.63 
70.54 
72.26 
74.65 
72.82 
333 
75.82 
73.75 
73.76 
73.76 
73.36 
Table 1.2(b): Apparent molal volume (})v.(cm^  mol'') for L-Alanine in 
0.2M CH3C00Na solution at different temperatures as 
a function of molality of L-Alanine. 
Molality ^.^^ 
molkg;!^ 
^^.^ Temp(K) 
0.0499 
0.1001 
0.1506 
0.2016 
0.2529 
308 
62.95 
62.95 
63.61 
66.46 
64.57 
313 
63.04 
63.04 
64.38 
64.56 
64.27 
318 
67.19 
64.14 
65.82 
65.17 
64.77 
323 
65.27 
64.24 
65.26 
64.77 
64.47 
328 
69.46 
64.34 
66.04 
65.37 
64.16 
333 
71.64 
66.49 
66.82 
65.98 
63.84 
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Table 1.2(c): Apparent molal volume (j)v(cm^ mol"') for L-AIanine in 
0.3M CHsCOONa solution at different temperatures as 
a function of molality of L-Alanine. 
Molality ^ ^ 
m o I k g > ^ 
y ^ Tcmp(K) 
0.0499 
0.0998 
0.1503 
0.2010 
0.2523 
308 
56.91 
43.80 
53.52 
53.37 
58.09 
313 
60.98 
49.83 
56.90 
55.91 
59.35 
318 
65.09 
53.89 
58.97 
58.47 
60.21 
323 
69.23 
60.01 
61.73 
61.05 
61.89 
328 
71.37 
64.16 
63.84 
63.66 
62.77 
333 
75.57 
69.36 
65.96 
65.78 
63.25 
Table 1.2(d): Apparent molal volume (j)v(cm^  mol"') for L-Alanine in 
phosphate buffer solution of pH-6 at different 
temperatures as a function of molality of L-Alanine. 
Molality ^^^ 
m o l k g ; > ^ 
y ^ Tcmp(K) 
0.0497 
0.0997 
0.1499 
0.2004 
0.2522 
308 
68.70 
57.71 
55.36 
56.19 
59.18 
313 
62.79 
si.n 
56.75 
56.75 
59.26 
318 
58.84 
57.84 
56.15 
56.81 
59.33 
323 
54.86 
58.91 
57.55 
57.89 
59.81 
328 
48.80 
57.97 
56.26 
57.44 
59.07 
333 
42.68 
59.06 
57.00 
59.03 
59.14 
TR 
Table 1.2(e): Apparent molal volume (j)v(cm^ mol'') for L-Alanine in 
phosphate buffer solution of pH-7 at different 
temperatures as a function of molality of L-Alanine. 
Molality ^y^ 
m o l k g / ^ 
^y^ Tcmp(K) 
0.0495 
0.0994 
0.1495 
0.19996 
0.251 1 
308 
58.50 
63.51 
63.17 
64.00 
65.72 
313 
62.59 
63.61 
64.60 
64.60 
66.22 
318 
62.68 
63.71 
65.37 
65.71 
67,14 
323 
68.84 
64.81 
65.47 
66.82 
67.65 
328 
68.97 
64.91 
65.58 
67.95 
68.17 
333 
73.18 
65.01 
65.68 
69.59 
69.10 
Table 1.2(f): Apparent molal volume (|)v(cm^ mol'') for L-Alanine in 
phosphate buffer solution of pH-8 at different 
temperatures as a function of molality of L-Alanine. 
Molality ^ ^ 
m o l k g ; ! / ^ 
^ . ^ Temp(K) 
0.0495 
0.0993 
^ 0.1493 
0.1996 
0.2507 
308 
76.38 
68.40 
66.39 
64.39 
66.41 
313 
76.54 
69.52 
67.83 
65.49 
67.31 
318 
74.69 
69.65 
67.96 
66.10 
67.43 
323 
76.86 
70.78 
69.41 
67.21 
68.75 
328 
77.02 
71.93 
70.22 
68.34 
69.68 
333 
77.18 
72.06 
71.70 
69.47 
71.03 
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Apparent molal volume vs molality for L-Alanine in 0.1 M 
CHjCOONa solution 
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Table l,3(a): Partial molal volume ^y° (cm'' mol"') for L-Alanine in 
aqueous sodium acetate solutions at different 
temperatures. 
Tcnip(K) 
308 
313 
318 
323 
328 
333 
O.lMCHjCOONa 
^v" 
51.13 
54.54 
63.01 
65.84 
72.04 
75.55 
Sv 
83.14 
68.93 
34.00 
23.77 
4.92 
-9.62 
O.lMCHjCOONa 
<|>v" 
62.29 
62.68 
66.55 
65.12 
68.72 
71.74 
Sv 
9.36 
7.83 
-7.49 
-2.13 
-18,72 
-31.85 
OJMCHjCOONa 
^v" 
49.55 
55.73 
60.84 
66.82 
70.41 
77.19 
Sv 
23.81 
5.77 
-10.05 
-26.80 
-34.87 
-55.68 
Table 1.3(b): Partial molal volume ^y° (cm"' mol"') for L-Alanine in 
phosphate buffer solution of different pH at different 
temperature. 
Temp (K) 
308 
313 
318 
323 
328 
333 
pH-6 
(t)v" 
65.49 
61.04 
57.79 
55.10 
49.97 
45.64 
Sv 
-40.34 
-15.81 
-0.21 
17.56 
39.47 
64.78 
pH-7 
•^v" 
58.55 
61.87 
61.67 
66.82 
66.68 
69.49 
Sv 
29.56 
16.38 
21.67 
-0.66 
2.93 
-6.66 
pH-8 
•t-v" 
75.50 
76.01 
74.54 
76.48 
76.86 
76.71 
Sv 
-47.48 
-44.60 
-35.84 
-39.25 
-36.24 
-29.52 
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Introduction: 
Viscosity has been proven to be sensitive and accurate method in 
solution studies [11]. The volumetric property of aqueous aminoacid 
systems have been studied by a number of workers. Although there are 
some measurements of volumetric data for some aminoacids as a 
function of temperature [49-57,18], viscosity data arc extremely 
limited. 
In the present work viscosity and specific, reduced, intrinsic 
viscosities of L-Alanine in sodium acetate solutions and in phosphate 
buffer solutions of different pH (6.0, 7.0, 8.0) are calculated using 
experimentally determined density values and time of fall. 
Theory: 
When macromolecular material is added to a liquid, its viscosity 
is increased. Let us consider that the viscosity of a solvent is r|o. On 
addition of L-Alanine to the solvent, the viscosity of the solvent 
increases to a new value r|. The ratio of solution to solvent viscosity 
(ri/r|o) is the relative viscosity: 
11 
lire, = — (1) 
Tlo 
The change in viscosity is generally expressed in terms of 
specific viscosity [58]. 24 
ri Specific viscosity rj = —!- - 1 (2) 
^0 
As the concentration of the L-Alanine in the solution increases, 
the specific viscosity also increases. The quantity risp in the limit of 
infinite dilution, is proportional to the concentration C, measured in 
ri.n 
grams per mililitre. Thus, the quantity —^ called the reduced viscosity 
must be independent at zero concentration. 
A plot of —- are normally linear for dilute solution. On 
C 
extrapolating the curve to zero concentration, we get the intercept on 
the Y axis. The value of —- at this dilution gives the intrinsic 
viscosity of a solution depicted by [r|]. 
The relative viscosity rir can be represented by the relation 
[42,59]: 
r i , = ^ = l + 5C (3) 
no 
The B-coefficient values of the L-Alanine are obtained by the 
least square procedure. B-coefficient represents the ion-solvent 
interaction. Its negative values are found for ions which exert a 
25 
"Structure breaking" effect on the solution, while its positive values 
found for the ions which are strongly hydrated i.e. "Structure makers". 
Result And Discussion: 
The viscosity of (i) L-AIanine in the sodium acetate solutions of 
different concentrations and (ii) L-Alanine in the phosphate buffer 
solutions of different pH (6.0, 7.0, 8.0) are shown in tables (2.1) at 
several temperatures as a function of molality of L-Alaninc. As seen in 
the table, viscosity r\ decreases with the increase in temperature. It is 
attributed to the fact that as the temperature is increased, the solution 
becomes more active. This increased molecular activity or molecular 
motion occurs at the expense of cohesive forces acting between the 
molecules. As a result, the liquid now faces lesser resistance to its flow 
and the liquid now flows easily or we can say the liquid has become 
more mobile. 
The viscosity increases as the concentrations of L-Alanine 
increases in solution. Viscosity data shows the same pattern when we 
compare the viscosities of L-Alanine with different concentrations of 
sodium acetate. But if we see the viscosity in the buffer solutions, the 
viscosity in the buffer solution of pH-7 is less than the viscosities in 
both the buffer solutions of pH-6 and pH-8. It shows that solution is 
more mobile in the neutral solution (i.e. in the phosphate buffer 
26 
solution of pH-7.0). 
Viscosity vs. temperature graphs are plotted for these solutions. 
Such plots are about linear as shown in figures [2.1]. Specific 
viscosity, r|sp was calculated using equation [2]. The values of specific 
viscosity are shown in tables [2.2]. Its values increase with the increase 
in the concentration of the L-Alanine and also increase with the 
increase in concentration of the sodium acetate. There is no regular 
pattern with respect to temperature. 
Reduced viscosities rircd are shown in the tables [2.3]. There is 
no regular pattern with respect to temperature and concentration of 
L-Alanine. But reduced viscosity increases with the increase in pH or it 
increases as the acidic solution changes to the basic solution. 
The intrinsic viscosity [rj] is calculated by extrapolating the r|rcd 
to zero concentration and shown in figures [2.2]. The values of 
intrinsic viscosities are shown in tables [2.4]. Intrinsic viscosity is the 
fractional change in the viscosity per unit concentration of L-Alanine 
at infinite dilution. 
B-coefficient is calculated using equation [3] and its values are 
shown in the table [2.5]. B-coefficient is a measure of solute-solvent 
interactions and it directly depends on the size, shape and charge of the 
solute molecules. Positive 'B' values indicate a strong alignment of the 
solvent molecules with the ions, revealing a 'Structure forming' 
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behaviour of water. 
Table 2.1(a): Viscosity (rixlO'' kgm"'s~') of L-Alanine in O.IM 
CHsCOONa solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^^^ 
^ y ^ Tcnip(K) 
0.0000 
0.04995 
0.1002 
0.1509 
0.2020 
0.2536 
308 
7.3165 
7.5391 
7.6073 
1.6911 
7.7888 
7.9217 
313 
6.7951 
6.8961 
6.9796 
7.0358 
7.1318 
7.2182 
318 
6.1156 
6.1675 
6.2494 
6.3059 
6.4593 
6.5160 
323 
5.5310 
5.6400 
5.7124 
5.7605 
5.8247 
5.9240 
328 
5.1024 
5.2169 
5.2816 
5.3590 
5.3981 
5.5227 
333 
4.7712 
4.8556 
4.9116 
4.9968 
5.0599 
5.1015 
Table 2.1(b): Viscosity (r|xlO kgm" s" ) of L-Alanine in 0.2M 
CH3C00Na solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
molkg^ /^"'^  
^ y ^ Tcinp(K) 
0.0000 
0.0499 
0.1001 
0.1506 
0.2016 
0.2529 
308 
7.4471 
7.5316 
7.6694 
7.7073 
7.8066 
7.8536 
313 
6.8196 
6.8736 
7.0332 
7.1766 
7.1550 
7.1945 
318 
6.2127 
6.2642 
6.3774 
6.4285 
6.4817 
6.5200 
323 
5.6546 
5.6909 
5.8014 
5.8520 
5.9187 
5.9708 
328 
5.2100 
5.2595 
5.3707 
5.4205 
5.4571 
5.5394 
333 
4.8782 
4.9416 
5.0077 
5.0429 
5.0643 
5.1620 
28 
. - I „ - I > Table 2.1(c): Viscosity (TIXIO'* kgm''s~') of L-Alanine in 0.3M 
CHsCOONa solution at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
molkg;!/^ 
y ^ Temp(K) 
0.0000 
0.0499 
0.0998 
0.1503 
0.2010 
0.2523 
308 
7.4994 
7.6763 
7.7436 
7.9304 
8.0049 
8.1228 
313 
6.8750 
6.9298 
7.0982 
7.1650 
7.2839 
7.3957 
318 
6.2091 
6.3656 
6.4401 
6.5213 
6.5841 
6.7338 
323 
5.6683 
5.7993 
5.8620 
5.9578 
6.0481 
6.1221 
328 
5.2538 
5.3693 
5.4149 
5.4664 
5.6145 
5.6155 
333 
4.9231 
5.0153 
5.0515 
5.0888 
5.1841 
5.2232 
Table 2.1(d): Viscosity (rixlO'' kgm~'s"') of L-Alanine in phosphate 
buffer solution of pH-6 at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
y ^ Temp(K) 
0.0000 
0.0497 
0.0997 
0.1499 
0.2004 
0.2522 
308 
lAll^ 
7.5301 
7.6061 
7.7714 
7.9114 
8.0546 
313 
6.8929 
6.9472 
7.0202 
7.1305 
7.2102 
7.3237 
318 
6.2974 
6.3517 
6.4068 
6.4932 
6.5405 
6.6372 
323 
5.6343 
5.7030 
5.7696 
5.9054 
5.9365 
5.9802 
328 
5.2316 
5.3754 
5.4184 
5.4802 
5.5176 
5.5614 
333 
4.8688 
4.9543 
5.0468 
5.1006 
5.1588 
5.2113 
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Table 2.1(e): Viscosity (rixlO'' i<:gm~'s~') of L-Alanine in phosphate 
buffer solution of pH-7 at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
^^y^^ Temp(K) 
0.0000 
0.0495 
0.0994 
0.1495 
0.19996 
0.2511 
308 
7.4525 
7.5466 
7.6069 
7.6696 
7.7838 
7.9489 
313 
6.8661 
6.9507 
7.0121 
7.0956 
7.1801 
7.2998 
318 
6.2546 
6.2926 
6.3377 
6.4266 
6.4937 
6.6568 
323 
5.6052 
5.700 
5.7447 
5.8623 
5.9270 
6.0289 
328 
5.2310 
5.3104 
5.3476 
5.4129 
5.4762 
5.5562 
333 
4.8227 
4.9454 
5.0054 
5.0482 
5.0949 
5.1751 
Table 2.1(f): Viscosity (r|xlO kgm" s" ) of L-Alanine in phosphate 
buffer solution of pH-8 at different temperatures as a 
function of molality of L-Alanine. 
Molality ^ ^ 
molkg/^ 
^ x - ^ Temp(K) 
0.0000 
0.0495 
0.0993 
0.1493 
0.1996 
0.2507 
308 
7.5096 
7.6423 
7.7134 
7.8973 
7.9620 
8.0130 
313 
6.9225 
7.0100 
7.0798 
7.1718 
7.2585 
7.3244 
318 
6.3089 
6.3358 
6.3809 
6.4486 
6.5404 
6.6134 
323 
5.7173 
5.7430 
5.8018 
5.8601 
5.9650 
6.0212 
328 
5.2834 
5.3385 
5.3964 
5.4545 
5.5063 
5.5772 
333 
4.9490 
4.9816 
5.0318 
5.0885 
5.1398 
5.2176 
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Table 2.2(a): Specific Viscosity risp of L-Alanine in O.IM 
CH3C00Na solution at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y^ 
L-Alanine^ /''^  
gm xaXy^ 
y"^ Tcinp(K) 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.0170 
0.0304 
0.0397 
0.0514 
0.0646 
0.0827 
313 
0.0408 
0.1487 
0.0272 
0.0354 
0.0496 
0.0623 
318 
0.0261 
0.0085 
0.0219 
0.0311 
0.0562 
0.0655 
323 
0.0115 
0.0197 
0.0328 
0.0415 
0.0531 
0.0710 
328 
0.0124 
0.0224 
0.0351 
0.0503 
0.0580 
0.0824 
333 
0.0228 
0.0177 
0.0294 
0.0473 
0.0605 
0.0692 
Table 2.2(b): Specific Viscosity risp of L-Alanine in 0.2M 
CH3C00Na solution at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y ^ 
L-Alaninc/^ 
gm va\\y^ 
^ ^ Tcnip(K) 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.0371 
0.0114 
0.2990 
0.0350 
0.0483 
0.0546 
313 
0.0445 
0.0079 
0.0313 
0.0523 
0.0492 
0.0550 
318 
0.0424 
0.0083 
0.0265 
0.0347 
0.0433 
0.0495 
323 
0.0341 
0.0064 
0.0260 
0.0349 
0.0467 
0.0559 
328 
0.0337 
0.0095 
0.0308 
0.0404 
0.0474 
0.0632 
333 
0.0457 
0.0130 
0.0266 
0.0338 
0.0381 
0.0582 
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Table 2.2(c): Specific Viscosity r|sp of L-Alanine in 0.3M 
CHsCOONa solution at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y^ 
L-Alaninc/^ 
gm va\y^ 
y ^ Tcnip(K) 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.0425 
0.0236 
0.0326 
0.0575 
0.0674 
0.0831 
313 
0.0530 
0.0080 
0.0325 
0.0422 
0.0595 
0.0757 
318 
0.0418 
0.0252 
0.0372 
0.0503 
0.0604 
0.0845 
323 
0.0366 
0.0231 
0.0342 
0.0511 
0.0670 
0.0801 
328 
0.0424 
0.0220 
0.0307 
0.0405 
0.0687 
0.0689 
333 
0.0553 
0.0187 
0.0261 
0.0337 
0.0530 
0.0610 
Table 2.2(d): Specific Viscosity T"|sp of L-Alaninc in phosphate 
buffer solution of pH-6 at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y ^ 
gm vaX'y^ 
y^'^ Temp(K) 
0.00 
0.05 
0.10 
0.15 
0.20 
0,25 
308 
0.0394 
0.0070 
0.0172 
0.0393 
0.0580 
0.0772 
313 
0.0557 
0.0079 
0.0185 
0.0345 
0.0460 
0.0625 
318 
0.0566 
0.0086 
0.0174 
0.0311 
0.0386 
0.0540 
323 
0.0304 
0.0122 
0.0240 
0.0481 
0.0536 
0.0614 
328 
0.0380 
0.0275 
0.0357 
0.0475 
0.0547 
0.0630 
333 
0.0437 
0.0176 
0.0366 
0.0476 
0.0596 
0.0703 
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Table 2.2(e): Specific Viscosity r\sp of L-Alanine in phosphate 
buffer solution of pH-7 at different temperatures as a 
function of molarity of L-Alanine. 
\^ onc. of y ^ 
L-AIanincx^ 
gni vcA'y^ 
y ^ Temp(K) 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.0359 
0.0126 
0.0207 
0.0291 
0.0445 
0.0666 
313 
0.0516 
0.0123 
0.0213 
0.0334 
0.0457 
0.0632 
318 
0.0494 
0.0061 
0.0133 
0.0275 
0.0382 
0.0643 
323 
0.0251 
0.0168 
0.0249 
0.0459 
0.0574 
0.0756 
328 
0.0379 
0.0152 
0.0223 
0.0348 
0.0469 
0.0622 
333 
0.0338 
0.0254 
0.0379 
0.0467 
0.0564 
0.0731 
Table 2.2(f): Specific Viscosity risp of L-Alanine in phosphate 
buffer solution of pH-8 at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y ^ 
L-Alanine/^ 
gm xaVy^ 
y ^ Temp(K) 
0.00 
0.05 
O.iO 
0.15 
0.20 
0.25 
308 
0.0439 
0.0177 
0.0271 
0.0516 
0.0602 
0.0670 
313 
0.0603 
0.0126 
0.0227 
0.0360 
0.0485 
0.0581 
318 
0.0585 
0.0043 
0.0114 
0.0222 
0.0367 
0.0483 
323 
0.0456 
0.0045 
0.0148 
0.0250 
0.0433 
0.0532 
328 
0.0483 
0.0104 
0.0214 
0.0324 
0.0422 
0.0556 
333 
0.0609 
0.0066 
0.0167 
0.0282 
0.0386 
0.0543 
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Table 2.3(a): Reduced Viscosity (rircd, ml gm' ) of L-Alanine in 
O.IM CHsCOONa solution at different temperatures as 
a function of molarity of L-Alanine. 
Cone, of y^ 
L-Alanincx^ 
gm vaX'y^ 
^ ^ Temp(K) 
0.05 
0.10 
0.15 
0.20 
0,25 
308 
0.6085 
0.3975 
0.3428 
0.3228 
0.3309 
313 
0.2974 
0.2716 
0.2362 
0.2478 
0.249! 
318 
0.1700 
0.2188 
0.2075 
0.2810 
0.2619 
323 
0.3940 
0.3779 
0.2767 
0.2655 
0.2842 
328 
0.4488 
0.3513 
0.3354 
0.2898 
0.3295 
333 
0.3539 
0.2944 
0.3153 
0.3026 
0.2770 
Table 2.3(b): Reduced viscosity (rircd» nil gm" ) of L-Alanine in 0.2M 
CHsCOONa solution at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y'^ 
L-AIaninC//^ 
gm xaVy^ 
y ^ Temp(K) 
0.05 
O.IO 
0.15 
0.20 
0.25 
308 
0.2271 
0.2986 
0.2330 
0.2414 
0.2183 
313 
0.1584 
0.3132 
0.3490 
0.2459 
0.2199 
318 
0.1658 
0.2650 
0.2315 
0.2164 
0.1978 
323 
0.1282 
0.2595 
0.2327 
0.2335 
0.2236 
328 
0.1899 
0.3084 
0.2693 
0.2371 
0.2529 
333 
0.2601 
0.2655 
0.2250 
0.1907 
0.2327 
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Table 2.3(c): Reduced viscosity (rired^  ml gm'') of L-Alanine in 0.3M 
CHsCOONa solution at different temperatures as a 
function of molarity of L-Alanine. 
Cone, of y^ 
L-Alaninc/^ 
gm xfXy^ 
y ^ Temp(K) 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.4718 
0.3256 
0.3831 
0.3370 
0.3325 
313 
0.1595 
0.3246 
0.2812 
0.2973 
0.3030 
318 
0.5043 
0.3720 
0.3352 
0.3020 
0.3381 
323 
0.4621 
0.3417 
0.3404 
0.3351 
0.3202 
328 
0.4399 
0.3068 
0.2699 
0.3433 
0.2754 
333 
0.3747 
0.2609 
0.2245 
0.2651 
0.2439 
Table 2.3(d): Reduced viscosity (rired, ml gm'') of L-Alanine in 
phosphate buffer solution of pH-6 at different 
temperatures as a function of molarity of L-Alanine. 
Cone, of y^ 
L-Alanine/''^ 
gm xaV^^ 
^ ^ Temp(K) 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.1405 
0.1719 
0.2619 
0.2900 
0.3086 
313 
0.1574 
0.1846 
0.2298 
0.2301 
0.2500 
318 
0.1724 
0.1736 
0.2073 
0.1930 
0.2158 
323 
0.2439 
0.2402 
0.3207 
0.2682 
0.2455 
328 
0.5497 
0.3570 
0.3167 
0.2733 
0.2522 
333 
0.3510 
0.3656 
0.3173 
0.2978 
0.2814 
38 
Table 2.3(e): Reduced viscosity (r|red, ml gm"') of L-Alanine in 
phosphate buffer solution of pH-7 at different 
temperatures as a function of molarity of L-Alanine. 
Cone, of y ^ 
L-AIanjnc/"''^ 
gm vcXy^ 
y ^ Tcinp(K) 
0.05 
0.10 
0.1.5 
0.20 
0.25 
308 
0.2523 
0.2071 
0.1941 
0.2223 
0.2664 
313 
0.2464 
0.2126 
0.2228 
0.2286 
0.2527 
318 
0.1218 
0.1329 
0.1833 
0.1912 
0.2573 
323 
0.3370 
0.2488 
0.3058 
0.2870 
0.3024 
328 
0.3036 
0.2229 
0.2319 
0.2344 
0.2487 
333 
0.5088 
0.3788 
0.3117 
0.2822 
0.2922 
Table 2.3(f): Reduced viscosity (rired, ml gm' ) of L-Alanine in 
phosphate buffer solution of pH-8 at different 
temperatures as a function of molarity of L-Alanine. 
Cone, of y^ 
L-Alanine/"^ 
gm xcX^yy 
y ^ Temp(K) 
0.05 
0.10 
0.15 
0.20 
0.25 
308 
0.3535 
0.2713 
0.3442 
0.3012 
0.2681 
313 
0.2528 
0.2272 
0.2400 
0.2427 
0.2322 
318 
0.0853 
0.1141 
0.1477 
0.1835 
0.1931 
323 
0.0898 
0.1477 
0.1665 
0.2166 
0.2126 
328 
0.2088 
0.2140 
0.2159 
0.2109 
0.2224 
333 
0.1322 
0.1675 
0.1880 
0.1929 
0.2172 
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Table 2.4(a): Intrinsic viscosity (rired, ml gm'') as a function of 
temperature for the L-Alanine in sodium acetate 
solution. 
Temp (K) ^ ^ 
^.^CHjCOONa 
308 
313 
318 
323 
328 
333 
O.IM 
0.90 
0.38 
0.33 
0.48 
0.58 
0.42 
0.2M 
0.41 
0.43 
0.36 
0.34 
0.42 
0.29 
0.3M 
0.58 
0.41 
0.69 
0.57 
0.66 
0.53 
Table 2.4(b): Intrinsic viscosity (rircd, ml gm' ) as a function of 
temperature for the L-Alanine in phosphate buffer 
solution. 
Temp(K) ^ - ^ 
^ ^ (he system 
308 
313 
318 
323 
328 
333 
6 
0.14 
0.15 
0.17 
0.25 
0.79 
0.50 
7 
0.33 
0.31 
0.12 
0.42 
0.37 
0.69 
8 
0.51 
0.28 
0.06 
0.05 
0.23 
0.10 
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Table 2.5(a): B-coefficient (dm^mol"') for L-AIanine in sodium 
acetate and phosphate buffer solutions. 
Temp (K) 
(a) L-Alanine in 0.1m 
CHjCOONa Soln. 
(b) L-Alanine in 0.2m 
CH3C00Na Soln. 
(c) L-Alanine in 0.3m 
CHjCOONa Soln. 
(d) L-Alanine in 
phosphate buffer soln. of 
pH-6 
(e) L-Alanine in 
phosphate buffer soln. of 
pH-7 
(d) L-Alanine in 
phosphate buffer soln. of 
pH-8 
308 
0.27 
0.21 
0.31 
0.36 
0.26 
0.26 
313 
0.24 
0.22 
0.32 
0.27 
0.25 
0.23 
318 
0.30 
0.20 
0.28 
0.22 
0.28 
0.23 
323 
0.25 
0.24 
0.30 
0.26 
0.30 
0.25 
328 
0.29 
0.25 
0.26 
0.18 
0.24 
0.22 
333 
0.27 
0.20 
0.22 
0.26 
0.23 
0.23 
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Introduction: 
Data on the thermodynamic activation parameters of viscous 
flow for the amino acids play a key role in the optimization and design 
of both the currently used and proposed industrial processes of 
biochemistry. 
Corradini et al [60] and Palepu [61] have calculated the various 
thermodynamic parameters of activation of viscous flow by least 
square fitting the density and viscosity data to empirical equations 
stating their dependence on temperature and composition of the 
mixture. These parameters suggest the type and strength of interaction 
between components of mixture. Palepu et al [61] calculated such 
thermodynamic parameters for the binary acid base mixtures, while 
Corradini and Coworkers [59] obtained these for the binary mixtures of 
alcohols and amides. 
Theory: 
The energies of activation AG* for viscous flow of the L-Alanine 
were calculated by using the Eyring viscosity equation [62]: 
^ m 
where 45 
h = Planck's constant 
N = Avagadro's number 
R = Universal gas constant 
T = Absolute temperature 
V,„ = Molar volume of the mixtures. 
Molar volume of the mixture was calculated from the 
corresponding mixture densities, and by the following relation: 
K,=l ^ ^ ^ •^ = 1^ 2,3 (2) 
P 
The energies of activation AG* for viscous flow of the L-Alanine 
at the different temperatures are obtained by using the equation: 
AG*=AH*-TAS* (3) 
where AH* and AS* are the enthalpy and entropy of activation 
for viscous flow of the L-Alanine. From equation (1) and (3): 
AG* = RTln"^ = AH * -TAS * (4) 
hN 
The values of AH* and AS* can be obtained by least square 
fitting. AS* is the corresponding experimental slope of the RT\n m 
hN 
vs temperature plots. 
Result And Discussion: ^^ 
TIV 
The values of RTln-!—52- are summarized in the tables (3.1). 
hN 
From these values AH* and AS* are obtained by using equation (4) and 
riK 
its values are listed in tables (3.2). The value of RTln—— increase 
^ ^ hN 
with increasing temperature and give negative values of AS* and 
positive values of AH*. The possible reason is that the effect of the 
solute-solvent bond for L-Alanine is smaller in the ground state, a 
significant solute-solvent bond will be made in the transition state. 
AS* values decrease with an increase in concentration of 
L-Alanine or sodium acetate. AW* values are all positive and also 
decrease with an increase in concentration of L-Alanine or sodium 
acetate. AH* values increase with the increase of pH. Enthalpy of 
activation of viscous flow is the measure of the cooperation degree 
between the species taking part in the flow process. 
The values of free energy of activation AG* for viscous flow of 
L-Alanine system are shown in tables (3.3). The values of AG* 
increase with increasing temperature and with increasing concentration 
of L-AIanine or sodium acetate. Graphs are plotted between the free 
energy of activation and temperature. Trends are quite linear. 
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Table 3.1(a): RTln(r|v,VhN) (kJmoI ') vs temperature for 
L-AIanine in O.IM CHsCOONa solution. 
^ ^ molality 
^^^^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.04995 
17.74 
17.93 
18.09 
18.27 
18.47 
18.66 
0.1002 
18.51 
18.72 
18.90 
19.09 
19.30 
19.51 
0.1509 
18.98 
19.19 
19.07 
19.57 
19.79 
20.02 
0.2020 
19.31 
19.53 
19.42 
19.92 
20.15 
20.38 
0.2536 
19.58 
19.79 
19.68 
20.12 
20.43 
20.65 
Table 3.1(b): RTln(T)v,„/hN) (kJmol ') vs temperature for 
L-Alanine in 0.2M CHsCOONa solution. 
Temp.xlO^k)^^^ 
^ ^ molality 
^.^^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.0499 
17.74 
17.92 
18.10 
18.28 
18.47 
18.68 
0.1001 
18.53 
18.73 
18.92 
19.1! 
19.32 
19.53 
0.1506 
18.99 
19.21 
19.39 
19.59 
19.81 
20.03 
0.2016 
19.31 
19.55 
19.73 
19.94 
20.16 
20.38 
0.2529 
19.57 
19.80 
19.99 
20.21 
20.43 
20.66 
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Table 3.1(c): RTln(riv„/hN) (kJmol ') vs temperature for 
L-Alanine in 0.3M CHaCOONa solution. 
^^^ molality 
^f.^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.0499 
17.75 
17.93 
18.12 
18.30 
18.49 
18.70 
0.0998 
18.53 
18.74 
18.93 
19.12 
19.32 
19.54 
0.1503 
19.01 
19.21 
19.41 
19.61 
19.81 
20.03 
0.2010 
19.34 
19.55 
19.74 
19.96 
20.19 
20.40 
0.2523 
19.60 
19.82 
20.03 
20.23 
20.45 
20.67 
Table 3.1(d): RTln(r|V|i,/hN) (kJmol ) vs temperature for 
L-Alanine in phosphate buffer solution of pl-1-6. 
Temp.xU)^ (k) ^ ^ 
^•^ molality 
^ ^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.0497 
17.67 
17.93 
18.12 
18.28 
18.49 
18.68 
0.0997 
18.5! 
18.72 
18.92 
19.10 
19.32 
19.53 
0.1499 
18.98 
19.20 
19.40 
19.60 
19.81 
20.03 
0.2004 
19.32 
19.53 
19.74 
19.94 
20.16 
20.39 
0.2522 
19.59 
19.80 
20.01 
20.20 
20.43 
20.67 
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Table 3.1(e): RTln(riVnyhN) (kJmol ') vs temperature for 
L-Alanine in phosphate buffer solution of pH7. 
Tcmp.xlO'(k)^^^ 
^ ^ molality 
^^ "^ ^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.0495 
17.66 
17.86 
18.04 
18.21 
18.41 
18.60 
0.0994 
18.44 
18.65 
18.84 
19.02 
19.23 
19.45 
0.1495 
18.97 
19.19 
19.39 
19.59 
19.80 
20.02 
0.19996 
19.30 
19.53 
19.73 
19.93 
20.15 
20.37 
0.2511 
19.57 
19.80 
20.01 
20.21 
20.43 
20.66 
I - l ' Table 3.1(f): RTln(r|v„yhN) (kJmol ') vs temperature for 
L-Alanine in phosphate buffer solution of pH-8. 
Temp.xlO"^(k)^^--^ 
^ . ^ molality 
,,,y^ mol/kg 
0.308 
0.313 
0.318 
0.323 
0.328 
0.333 
0.0495 
17.68 
17.87 
18.04 
18.21 
18.41 
18.61 
0.0993 
18.46 
18.66 
18.84 
19.03 
19.25 
19.46 
0.1493 
19.00 
19.19 
19.39 
19.58 
19.80 
20.03 
0.1996 
19.32 
19.54 
19.73 
19.94 
20.16 
20.38 
0.2507 
19.58 
19.80 
20.00 
20.21 
20.43 
20.67 
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Table 3.2(a): Entropy (AS*, kJ mol"') and Enthalpy (AH*, kJ mol ') 
as a function of molality for L-Alaninc in sodium 
acetate solutions. 
Molality of 
L-Alanine (mol kg-1) 
AS* (kJ mol') AH* (kJ mol"') 
(i) L-Alanine in O.IM CHsCOONa solution 
0.04995 
0.1002 
0.1509 
0.2020 
0.2536 
-36.67 
-39.60 
-42.86 
-44.05 
-44.06 
6.4722 
6.3132 
5.7010 
5.6647 
5.9214 
(ii) L-Alanine in 0.2M CHsCOONa solution 
0.0499 
0.1001 
0.1506 
0.2016 
0.2529 
-37.31 
-39.77 
-41.14 
-42.23 
-43.20 
6.2391 
6.2766 
6.3176 
6.3107 
6.2644 
(i) L-Alanine in 0.3M CHsCOONa solution 
0.0499 
0.0998 
0.1503 
0.2010 
0.2523 
-37.77 
-39.89 
-40.57 
-42.51 
-42.51 
6.1093 
6.2466 
6.5102 
6.2375 
6.5075 
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Table 3.2(b): Entropy (AS*, kJ mor') and Enthalpy (AH*, kJ moP') 
as a function of molality for L-Alanine in phosphate 
buffer solutions. 
Moiality of 
L-Alanine (mol kg') 
AS* (kJ mol') AH* (kJ mol"') 
(i) L-Alanine in phosphate buffer solution of pH-6.0 
0.0497 
0.0997 
0.1499 
0.2004 
0.2522 
-39.37 
-40.46 
-41.60 
-42.51 
-42.74 
5.5765 
6.0502 
6.1705 
6.2208 
6.4176 
(ii) L-Alanine in phosphate buffer solution of pH-7.0 
0.0495 
0.0994 
0.1495 
0.19996 
0.2511 
-37.26 
-39.83 
-41.60 
-42.34 
-43.09 
6.1891 
6.1733 
6.1605 
6.2641 
6.3044 
(iii) L-Alanine in phosphate buffer solution of pH-8.0 
0.0495 
0.0993 
0.1493 
0.1996 
0.2507 
-36.80 
-39.77 
-40.97 
-42.11 
-43.14 
6.3423 
6.2033 
6.3670 
6.3474 
6.2877 
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Table 3.3(a): The free energy of activation for viscous flow AG* 
(kJ mor'), as functions of molality and temperature 
for L-Alanine in 0.1 M CHsCOONa. 
Molality of >>^ 
L-Alan ine^^ 
mol k & ^ 
/ ^ Temp, (k) 
0.04995 
0.1002 
0.1509 
0.2020 
0.2536 
308 
17.77 
18.51 
18.90 
19.23 
19.49 
313 
17.95 
18.71 
19.12 
19.45 
19.71 
318 
18.13 
18.91 
19.33 
19.67 
19.93 
323 
18.32 
19.10 
19.55 
19.89 
20.15 
328 
18.50 
19.30 
19.76 
20.11 
20.37 
333 
18.68 
19.50 
19.97 
20.33 
20.59 
Table 3.3(b): The free energy of activation for viscous flow AG* 
(kJ moT'), as functions of molality and temperature 
for L-Alanine in 0.2M CHjCOONa. 
Molality of ^ ^ 
mol V^^\^^'^ 
^.^''^^^ Temp, (k) 
0.0499 
0.1001 
0.1506 
0.2016 
0.2529 
308 
17.73 
18.53 
18.99 
19.32 
19.57 
313 
17.92 
18.72 
19.19 
19.53 
19.79 
318 
18.10 
18.92 
19.40 
19.74 
20.00 
323 
18.29 
19.12 
19.61 
19.95 
20.22 
328 
18.48 
19.32 
19.81 
20.16 
20.43 
333 
18.66 
19.52 
20.02 
20.37 
20.65 
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Table 3.3(c): The free energy of activation for viscous flow AG* 
(kJ mor'), as functions of molality and temperature 
for L-Alanine in 0.3M CHjCOONa. 
Molality ^ ^ 
^^^""'^ Temp, (k) 
0.0499 
0.1503 
0.2010 
0.2523 
308 
17.74 
18.53 
19.01 
19.33 
19.60 
313 
17.93 
18.73 
19.21 
19.54 
19.81 
318 
18.12 
18.93 
19.41 
19.76 
20.02 
323 
18.31 
19.13 
19.61 
19.97 
20.24 
328 
18.50 
19.33 
19.82 
20.18 
20.45 
333 
18.69 
19.53 
20.02 
20.39 
20.66 
Table 3.3(d): The free energy of activation for viscous flow AG* 
(kJ mor'), as functions of molality and temperature 
for L-Alanine in phosphate buffer solution of pH-6. 
Molality ^ . ^ 
mol kgj^-^^^ 
^^''^^ Temp, (k) 
0.0497 
0.0997 
0.1499 
0.2004 
0.2522 
308 
17.70 
18.51 
18.98 
19.31 
19.58 
313 
17.90 
18.71 
19.19 
19.53 
19.80 
318 
18.10 
18.92 
19,40 
19.74 
20.01 
323 
18.29 
19.12 
19.61 
19.95 
20.22 
328 
18.49 
19.32 
19.82 
20.16 
20.44 
333 
18.69 
19.52 
20.02 
20.38 
20.65 
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Table 3.3(e): The free energy of activation for viscous flow AG* 
(icJ moP'), as functions of molality and temperature 
for L-Alanine in phosphate buffer solution of pH-7. 
Molality ^.^^^^ 
mol kg'^ ,.'-''^ '^  
^-"^"'^ Temp, (k) 
0.0495 
0.0994 
0.1495 
0.19996 
0.2511 
308 
17.67 
18.44 
18.97 
19.30 
19.58 
313 
17.85 
18.64 
19.18 
19.52 
19.79 
318 
18.04 
18.84 
19.39 
19.73 
20.01 
323 
18.22 
19.04 
19.60 
19.94 
20.22 
328 
18.41 
19.24 
19.81 
20.15 
20.44 
333 
18.60 
19.44 
20.01 
20.36 
20.65 
Table 3.3(f): The free energy of activation for viscous flow AG* 
(kJ mol''), as functions of molality and temperature 
for L-Alanine in phosphate buffer solution of pH-8. 
Molality ^ ^ 
m o l kg^^.I^-^'"^ 
^.-y-"^^ Temp, (k) 
0.0495 
0.0993 
0.1493 
0.1996 
0.2507 
308 
17.68 
18.45 
18.99 
19.32 
19.57 
313 
17.86 
18.65 
19.19 
19.53 
19.79 
318 
18.04 
18.85 
19.40 
19.74 
20.01 
323 
18.23 
19.05 
19.60 
19.95 
20.22 
328 
18.41 
19.25 
19.81 
20.16 
20.44 
333 
18.60 
19.45 
20.01 
20.37 
20.65 
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